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TTTI^ OF THE INVENTION 

FUSED INDOLES AS DBPEPTIDYI. PEPTIDASE INHIBITORS FOR THE TREATMENT OR 
PREVENTION OF DIABETES 

5 FIELD OF THE INVENTION 

The present invention relates to novel fused indole derivatives which are inhibitors of the 
dipeptidyl peptidase-IV enzyme ("DP-IV inhibitors'*) and which are useful hi the treatment or prevention 
of diseases in which the dipeptidyl peptidase-IV enzyme is involved, such as diabetes and particularly 
type 2 diabetes. The invention is also directed to pharmaceutical conq)Ositions comprising these 

10 con5)Oimds and the use of these compounds and conq)ositions in the prevention or treatmrait of such 
diseases in which tlie dipeptidyl peptidase-IV enzyme is involved. 

BACKGROUND OF THE INVENTION 

Diabetes refers to a disease process derived from multiple causative factors and 

15 characterized by elevated levels of plasma glucose or hyperglycemia in the fasting state or after 

administration of glucose during an oral glucose tolerance test. Persistent or uncontrolled hyperglycemia 
is associated with increased and premature morbidity and mortality. Often abnormal ^ucose 
homeostasis is associated both direcdy and indirectly with alterations of the lipid, lipoprotein and 
apolipoprotein metabolism and other metabolic and hemodynamic disease. Th^fore patients with Type 

20 2 diabetes, mellitus are at especially increased risk of macrovascular and microvascular complications, 
including coronary heart disease, stroke, peripheral vascular disease, hypertension, nephropathy, 
neuropathy, and retinopathy. Therefore, therapeutical control of glucose homeostasis, lipid metaboUsm 
and hypertension are critically important in the clinical management and treatment of diabetes mellitus. 
There are two generally recognized forms of diabetes. In type 1 diabetes, or insulin- 

25 dependent diabetes mellitus (IDDM), patients produce littie or no insulin, the hormone which regulates 
glucose utilization. In type 2 diabetes, or noninsulin dependent diabetes mellitus (NIDDM), patients 
often have plasma insulin levels that are the same or even elevated compared to nondiabetic subjects; 
however, these patients have developed a resistance to the insulin stimulating effect on glucose and lipid 
metabolism in the main insulin-sensitive tissues, which are muscle, liver and adipose tissues, and the 

jJO plasma insulin levels, while elevated, are insufBcient to overcome the pronounced insulin resistance. 

Insulin resistance is not primarily due to a diminished number of insulin receptors but to 
a post-insulin I'eceptor binding defect that is not yet imdeirstood. This resistance to insulin 
responsiveness results in insufficient insulin activation of glucose uptake, oxidation and storage hi 
muscle and inadequate insulin repression of lipolysis. in adipose tissue and .of glucose production and 

35 secretion in the liver. 
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The available treatments for type 2 diabetes, which have not changed substantially, in 
many years, have recognized lunitations. While physical exercise and leductions in dietary intake of 
calories will dramatically inoprove the diabetic condition, compliance with this treatment is very poor 
because of well-entienched sedentary lifestyles and excess food consun^tion, especially of foods 
5 containing high amounts of saturated fat. Increasing the plasma level of msulin by administration of 
sulfonylureas (e.g. tolbutamide and glipizide) or meglitinide, which stimulate the pancreatic P-cells to 
secrete more insulin, and/or by injection of insulin when sulfonylureas or megUtinide become meffective, 
can result in insulin concentrations high enough to stimulate the very insulm-resistant tissues. However, 
dangerously low levels of plasma glucose can result from administration of insulin or insulin 

10 secretagogues (sulfonyliireas or meglitinide), and an increased level of insulin resistance due to the even 
higher plasma insulin levels can occur. The biguanides increase insulin sensitivity resulting in some 
correction of hyperglycemia. However, the two biguanides, phenformin and metformin, can induce lactic 
acidosis and nausea/diarrhea. Metformin has fewer side effects than phenformm and is often prescribed 
for the treatn»nt of Type 2 diabetes. 
. 15 The glitazones (i.e. 5-benzyltliiazoIidine-2,4-diones) ar^ a more recenfly desCTibed class 

of conipounds with potential for ameliorating many symptonis. of type 2 diabetes. These agents 
substantially increase insulin sensitivit>» in muscle, liver and adipose tissue in several animal' models of 
type 2 diabetes resulting in partial or complete correction of the elevated plasma levels of glucose 
without occurrence of hypoglycemia. The glitazones that are currenfly marketed are agonists of the 

20 peroxisome proliferator activated receptor (PPAR), primarily the PPAR-gamma subtype. PPAR-gamma . 
agonism is generally believed to be responsible for the improved insulin sensititization that is observed 
with the glitazones. Newer PPAR agonists that are beiag tested for treatment of Type U diabetes are 
agonists of the alpha, gamma or delta subtype, or a combination of these, and in many cases are 
chemically different from the glitazones (i.e., they are not thiazolidinediones). Serious side effects (e.g. 

15 liver toxicity) have occurred with somst of the glitazones, such as troglitazorie. 

Additional methods of treating the disease are still under investigation. . New 
biochemical approaches that have been recentiy introduced or are still under development mclude 
treatment with alpha-glucosidase inhibitors (e.g. acarbose) and protein tyrosine phosphatase-lB (PTF- 
JB) inhibitor. 

30 Compounds fliat are inhibitors of the dipeptidyl peptidase-IV ("DP-IV" or "DPP-IV") 

enzyme are also under investigation as drugs that may be useful in the treatment of diabetes, and 
particularly type 2 diabetes. See for example WO 97/40832, WO 98/19998, U.S. Patent No. 5,939,560, 
Bioorg. Med. Chem. Lett .. 6: 1163-1166 (1996); and Bioorg. Med. Chem. Lett.. 6: 2745-2748 (1996). 
The usefulness of DP-IV inhibitors in the treatment of type 2 diabetes is based on the fact that DP-IV in 

35 vivo readily inactivates glucagon like peptide-1 (GLP-1) and gastric inhibitory peptide (GIP). GLP-1 and 
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GIP are incretins and aie produced when food is consumed. The incretins stunulate production of 
insulin, inhibition of DP-IV leads to decreased inactivation of the incretins, and this in turn results in 
increased effectiveness of the incretins in stimulating production of insulin by the pancreas. DP-IV 
inhibition therefore results in an increased level of serum insulm. Advantageously, smce the incretins are 
5 produced by the body only when food is consumed, DP-IV inhibition is not expected to increase the 
level of insulin at inappropriate times, such as between meals, which can lead to excessively low blood 
• sugar (hypoglycemia). Inhibition of DP-IV is therefore expected to increase insulin witiiout increasing 
the risk of hypoglycemia, which is a dangerous side effect associated with the use of insulin 
secretagogues. 

10 DP-IV inhibitors also have other therapeutic utilities, as discussed herein. DP-IV 

inhibitors have not been studied extensively to date, especially for utilities other than diabetes. New 
compounds are needed so that ircproved DP-IV inhibitors can be found for the treatment of diabetes and 
potentially other diseases and conditions. The therapeutic potential of DP-IV inhibitors for the treatment 
of t\'pe 2 diabetes is discussed by D.J. Drucker in Exp. Opin. Invest Drugs . 12: 87-100 (2003) and by K. 

j5 Augustyns, et al., in Exp. Opin. Ther. Patents, 13: 499-510 (2003). 

SmiMARY OF THE INVENTION 

The present invention is directed to novel fused indole derivatives which are inhibitors 
of the dipeptidyl peptidase-IV enzyme ("DP-IV inhibitors") and which are useful in the treatment or 
: 0 prevention of diseases in- which the dipeptidyl peptidase-IV enzyme is involved, such as diabetes and 
particularly type 2 diabetes. The invention is also directed to pharmaceutical conqjositions comprising 
these compounds and the use of these compounds and compositions in the prevention or treatment of 
such diseases in which the dipeptidyl peptidase-IV e^ 

'25 DETAILED DESaUPTION OF THE INVENTION . . 

The present invention relates to novel fused indole derivatives useful as 
inhibitors of dipeptidyl peptidase-IV. Compounds of the present invention are described by structural 
formula I: 
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I 

wherein: 

each n is mdependently 0, 1, 2, or 3; 

5 

X is selected ftom S, S(0), S(0)2, CH2, CHF. and CF2; 
r1 is hydrogen or -CN; 

10 Bp' is selected from the group consisting of 

hydrogen, 

Ci-6 alfcyl, wherein alkyl is unsubstituted or substituted with one to five substituents 
mdependently selected from halogen, hydroxy, CO2H, 
Ci-6 alkyloxycarbonyl, and 
15 (CH2)n-aryl, wherein=aryl is unsubstituted or substituted with one t 

independently selected from halogen, hydroxy, CO2H, 

Ci-6 alkyloxycarbonyl, Ci-6 alkyl, C3-6 cycloalkyl, and Ci-6 alkoxy, wherein alkyl and 
alkoxy are unsubstituted or substituted with one to five halogens; 

20 R3, R4, r5, and R6 are each independently selected from the group consisting of 
hydrogen, 
halogen, 
cyano, 
hydroxy, 

25 Ci-6 alkyl, wherein aUcyl is unsubstituted or substituted with one to five halogens, 

Ci-6 alkoxy, wherein alkoxy is unsubstituted or. substituted with one to five halogens, 
(CH2)n-C00H, 
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(CH2)n-COOCi^alkyl, 
(CH2)n-CONR7R8, 
(CH2)d-NR7r8. 
(CH2)ii-NR10SO2R9 
5 (CH2)n-NRlOCONR7R8, 
(CH2)n-NRlOCORlO, 
(CH2)n-NRl0cO2R9, 

(CH2)n-^U wherein aiyl is unsubstituted or substituted with one to five substituents 
independently selected from halogen, hydroxy, CO2H, 
10 ' Ci-6 alkyloxycarbonyl, Ci-6 alkyl, C3-6 cycloaIk>'l, and Ci^ alkoxy, wherein alkyl and 

alkoxy are unsubstituted or substituted with one to five halogens, 
wherein any methylene (CH2) carbon atom in R3, r4, r5^ and r6 is imsubstituted or substituted 
with one to two groups independently selected from halogen, hydroxy, and C1-4 alkyl 
unsubstituted or substituted with one to five halogens; 

15 

VJ and R8 are each independently selected from the group consisting of 
hydrogen, 
(CH2)n-phenyl, 
(CH2)n-C3-6 cycloalkyl. and 
>:0 Cmo alkyl; 

wherein alkyl is unsubstituted or substituted wth one to fiv6 halogens and wherein phenyl and 
cycloallcyl are unsubstituted or substituted with one to five substituents independently 
selected from halogen, hydroxy, Ci-g.alkyl, aiid C^i-g alkoxy, wherein alkyl and alkoxy 

are unsubstituted or substituted with one to five halogens; of 
25 r7 and R8 together with the nitrogen atom to which they are attached form a heterocyclic ring selected 
from azetidine, pyrrolidine, piperidine, piperazine, and morpholine wherein said heterocyclic ring is 
unsubstituted or substituted with one to three substituents independently selected from halogen, hydroxy, 
Ci-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one to five 

halogens: 

30 

R9 is selected from' the group consisting of (CH2)n-phenyl, (CH2)n"C3-6 cycloalkyl, and C1.6 alkyl, 
wherein alkyl is unsubstituted or substituted with one to five halogens and wherein phenyl and cycloalkyl 
• iie unsubstinited or substituted with one to five substituents independently selected from halogen, 
hydroxy, alkyl, and Ci-g alkoxy, wherein alkyl and ali;oxy are unsubstituted or substituted with one 
35 to five halogens, and wherein any methylene (CH2) caxbon atom in is unsubstituted or substituted 
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with one to two groups independendy selected from halogen, hydroxy, and Cm allg^l unsubstituted or 
substituted with one to five halogens; and 

each RIO is hydrogen or R9. 

In one embodiment of the compounds of the present invention, the carbon atom marked 
with an * has the configuration as depicted in formula la 




wherein X, , R^. R^. R^, R^, and R6 are as defined herein. 

In a second emboditnent of the coiiq)ounds of the present invention, X is S, S(0), or 
S(0)2 In a class of this embodiment, Rl is hydrogen. In another class of this embodiment, the carbon 
atom marked with an * has the configuration as depicted in formula lb: 




lb 



wherein X is S, S(0), or S(0)2 and R1-R6 is as defined herein. 

In a third embodiment of the compounds of the present invention, X is CH2, CHF, or 
In a class of this embodiment, r1 is hydrogen. Jn another cl^s df this embodiment, the carbon 
atom marked with an * has the configuration as depicted in formula Ic: 
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Ic 



wherein X is CH2, CHF, 01 CF2 and r1-R6 is as defined herein. 

In a fourth embodiment of the compounds of the present invention. R2 is 
hydrogen, methyl, or phenyl. In a class of this embodiment, R3, r4, r5 and R6 are each independently 
5 selected ftom the group consisting of hydrogen, halogen, trifluoromethyl, trifluaromethoxy.. carboxy , and 
COOCi-4 alkyl. In a subclass of this class, R* and r6 are hydrogen. 

As used herein the fpUowing definitions are applicable. 

"Alkyl", as well as other groups having the prefix "alk", such as alkoxy and alkanoyl, 
•.•iieans carbon chains which may be linear or branched, and combinations thereof, unless the carbon chain 
10 is detined otherwise. Examples of alkyl groups include mediyl, ethyl, propyl, isopropyl, butyl, sec- and 
i^-butyl, pentyl, hexyl, heptyl. octyl, nonyl, and the like. Where the specified number of carbon atoms 
permits, e.g., firom C3-10, the term alkyl also includes cycloalkyl groups, and combinations of lineai' or 

branched alkyl chains combined with cycloalkyl stractures. When no number of carbon atoms is 

specified, Ci-6 is intended, . ^ 

15 "Cycloalkyl" is a subset of alkyl and means a saturated carbocyclic ring having a 

j^pscified number of carbon atoms. Exanq>les of cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, 

cyclohexyl, cycloheptyl, cyclooctyl, and the like. A cycloalkyl group generally is monocyclic unless 

stated otherwise. Cycloalkyl groups are saturated unless otherwise defined. 

The term "alkoxy" refers to straight or branched chain alkoxides of the number of carbon 
M) atoms specified (e.g., Ci-io alkoxy), or any number within this range [i.e., methoxy (MeO-), ethoxy, 

ijopropoxy, etc.]. 

The term "alkylthio" refers to straight or branched chain alkylsulfides of the number of 
carbon atoms specified (e.g., Ci-iO alkylthio), or any number within this range [i.e., methylthio (MeS-), 

f^thylthio, isopropylthio, etc,]. 
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The term "alkylamino*' refers to straight or branched alkylamines of the number of 
carbon atoms specified (e.g., Ci-6 alkylamino), or any number within this range [i.e.. methylammo. 
ethylamino, isopropylamino, t-butylamino, etc.]. 

The term "allq^lsulfonyl" refers to strdght or branched chain alkylsulfones of tihe nmnber 

5 of carbon atoms specified (e.g., Ci-6 allqrlsulfonyl), or any number within this range [i.e., methylsulfonyl 
(MeS02-)» ethylsulfonyl. isopropylsulfonyl, etc.]. 

The term "alkyloxycarbonyl" refers to straight or branched chain esters of a carboxylic 
acid derivative of the present invention of the number of carbon atoms specified (e.g„ Ci-6 
alkyloxycarbonyl), or any number within this range [i.e., methyloxycarbonyl (MeOCO-), 

10 ethyloxycarbonyl,orbutyloxycarbonyl]. 

"Aryl" means a ihono- or polycyclic aromatic ring system containing carbon ring atoms. 
The preferred aryls are monocyclic or bicyclic 6-10 membered aromatic ring systems. Phenyl and 
naphthyl are preferred aryls. The most preferred aryl is phenyl. 

"Heterocycle" and "heterocyclyl" refer to saturated, or unsaturated non-aromatic rings or 

15 ring systems containing at least one heteroatom selected from 0, S and N, further including the oxidized 
forms of sulfur, namely SO and SO2. Examples of heterocycles include tetrahydrof liran (TOP), 
dihydrofuran, 1,4-dioxane, morpholine, 1,4-dithiane, piperazme, piperidine, 1,3-dioxolane, 
imidazolidine. imidazoline, pyrroline, pyrrolidine, tetrahydropyran, dihydropyran. oxathiolane, 
dithiolane, 13-dioxane, 1,3-dithiane, oxathiane, thiomorpholine, and the like. 

20 "Heteroaryl" means an aromatic or partially aromatic heterocycle that contains at least 

one ring heteroatom selected from O, S and N. Heteroaryls also mclude heteroaryls fused to other kinds 
of rings, such as aryls, cycloalkyls and heterocycles that are not aromatic. Examples of heteroaryl groups 
include pyrrolyl. isoxazolyl, isothiazolyl, pyrazolyl, pyridinyl, 2-oxo-(lfl>pyridinyl (2-hydroxy- 
pyridinyl), oxazolyl, l,2,4-oxadia2olyl, 1,3,4-oxadiazolyl, thiadiazolyl, thiazolyl, imidazolyl, triazolyl, 

25 tetrazolyl, furyl, triazinyl, thienyl, pyiimidinyl, pyrazinyl, benzisoxazolyl, benzoxazolyl, benzothiazolyl, 
benzothiadiazolyl, dihydrobenzofuranyl, indolinyl, pyridazinyl, indazolyl, isoindolyl, ' 
dihydrobenzothienyl, indolimyl, cinnolinyl, phthalazinyl. quinazolmyl, naphthyridinyl, carbazolyl, 
benzodioxolyl, quinoxalinyl, purinyl, furazanyl, isobenzylfiiranyl, benzbnidazolyl, benzofuranyl, 
benzothienyl, quinolyl, mdolyl, isoquinolyl, dibenzofuranyl, imidazo[1.2-a]pyriduiyl, [1,2,4- 

30 triazolo][4,3ifl]pyridinyl, pyrazolo[l,5-a]pyridinyl. [l,2,4-triazolo]I1.5-a]pyridinyl, 2-oxo-l,3- 

benzoxazolyl,4-oxo-3if-quinazolinyl, 3-oxo-[l,2,4]-triazoloI4,3-a]-2H-pyridinyl. 5-oxo-[l,2,4]-4ff- 
oxadiazolyl, 2-oxo-[13.4]-3H-oxadiazolyl, 2-oxo-l,3-dihydro-2J5r-imidazolyl, 3-oxo-2,4-dihydro-3H; 
1,2,4-triazolyl, and the like. For heterocyclyl and heteroaryl groups, rings and ring systems containing 
from 3-15 atoms are included, forming lr3 rings. 
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"Halogen" refers to fluorine, chlorine, bromine and iodine. Chlorine and fluorine are 
generally pMerred. Fluorine is most preferred when the halogens are substituted on an alkyl or alkoxy , 
group (e.g. CF3O and CF3CH2O). 

The compoimds of the present invention may contain one or more asjmmetric centers 
and can thus occur as racemates and racemic mixtures, single enantiomers, diastereomeric mixtures and 
individual diastereom^. The cornpounds of the present invention have one asymmetric center at the 
carbon atom marked with an * in formula la. Additional asymmetric centers may be present depending 
upon the nature 01 ihe various substituents on the molecule. Each such as^inmctric center will 
independently produce two optical isomers and it is intended that all of the possible optical isomers and 
iO diastereomers in mixtures and as pure or partially purified compounds are included within the ambit of 
diis inventiou. Tlie present invention is meant to coinprehend ail such isomeric forms of these 
compounds. 

Some of the compounds described herein contain olefinic double bonds, and unless 
specified otherwise, are meant to include both E and Z geometric isomers. 

\5 Some of the con[q)ound5 described Herein may exist as tautomers, which have different 

points of attachment of hydrogen acconq)anied by one or mpre double bond shifts. For example, a 
ketone and its cnol form are keto-enol tautomers; The individual tautomers as well as mixtures thereof 
^e encompassed with compounds of the present invention. 

Fonnula I shows the structure of the class of compounds without preferred . 

SO stereochemistry. Formula la shows the preferred sterpchemistry at the carbon atom to which is attached, 
the amino group of the alpha-amino acid frora which these compounds are prepared. 

The independent syntheses f >f thf:se diasterecmers or Iheir chromatographic separations 
may be achieved as known in the art by appropiiate modification of the methodolog)' disclosed herein. 
Their absolute stereochemistry' may be determined by the x-ray crystallography of ciystalline products or . 

25 crystalline intermediates which are derivatized, if necessary, v.dth a reagent containing an asjonmetric 
center of known absolute configuration. 

If desired, racemic nuxturcs of the compounds may be separated so that the individual . 
e iaantiomsrs are isolated. The separation can be carded out by methods well known in the art, such as 
the coupling of a racemic mixture of compounds to an enantiomerically pure compoimd to form a 

30 diastereomeric mixture, followed by separation of the individual diastereomers by standard methods, 
such as fracdonal crystallization or chromatography. The coupling reaction is often the formation of 
lalts using an enantiomerically pure acid or base. The diasteromeric derivatives may then be converted to 
3?f^ puie euantiomers by cleavage of the added chiral residue. The racemic mixture of tbc compounds 
: an also bo separated directly by chj'omatographic methods utilizing chiral .sta.tionary phases, which 
methods are well known in the art. 
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Alternatively, any enantiomer of a compound may be obtained by stereoselective 
synthesis using opticaUy pure starting materials or reagents of known configuration by methods well 
known in the art 

It will be understood that, as used herein, references to the compounds of structural 
formula I are meant to also mclude the pharmaceutically acceptable salts, and also salts that are not 
pharmaceutically acceptable when they are used as precursors to the free compounds or their 
pharmaceutically acceptable salts or in other synthetic manipulations. 

The conq)Ounds of the present invention may be administered in the form of a 
phannaceutically acceptable salt The term "pharmaceutically acceptable salt" refers to salts prepared 
from pharmaceutically acceptable non-toxic bases or acids including inorganic or organic bases and 
inorganic or organic acids. Salts of basic compounds encompassed within the term "pharmaceutically 
acceptable salt" refer to non-toxic salts of the compounds of this invention which are generally prepared 
by reacting the free base with a suitable organic or morganic acid. Representative salts of basic 
compounds of the present invention include, but are not limited to, the follovring: acetate, 
benzenesulfonate, benzoate, bicarbonate, bisulfate, bitartrate, borate, bromide, camsylate, carbonate, 
chloride, clavulanate, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gjuceptate, 
gluconate, glutamate, glycoUylarsanilate, hexylresorcmate, hydrabamme, hydrobromide, hydrochloride, 
hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, malate, maleate, mandelate, 
mesylate, mefhylbromide, methylnitrate, methylsulfate, mucate, napsylate, nitrate. N-methylglucamine 
ammonium salt, oleate, oxalate, pamoate (embonate), palmitate, pantothenate, phosphate/diphosphate, 
polygalacturonate, salicylate, stearate, sulfate, subacetate^ succinate, tannate, tartrate, teoclate, tosylate, 
triethiodide and valerate. Furthermore, where the compounds of the mvention carry an acidic moiety, 
suitable phannaceutically acceptable salts thereof include, but are not limited to, salts derived from 
inorganic bases including aluminuin, ammonium, calcium, copper, ferric, ferrous, lithium, magnesimn, 
manganic, mangamous, potassium, sodium, zinc, and the like. Particularly preferred are the ammonium, 
calcium, magnesium, potassium, and sodium salts. Salts derived from pharmaceutically acceptable 
organic non-toxic bases mclude salts of primary, secondary, and tertiary amines, cyclic amines, and basic 
ion-exchange resins, such as arginine, betaine, caffeine, choline. N Jvf-dibenzylethylenediamine. 
diethylamine, 2-diethylaminoethanol, 2-dimethylammoethanol, ethanolamme, ethylenediamine, N- 
ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, isopropylamme, . 
lysine, methylglucamme, morpholine, piperazme, piperidine, polyamine resins, procaine, purines, 
theobromine, triethylamine, trimethylamine, tripropylamine, tromethamine, and the like. 

Also, in the case of a carboxylic acid (:COOH) or alcohol group being present in the 
compounds of the present mvention, pharmaceutically acceptable esters of carboxylic acid derivatives, 
such as methyl, ethyl, or pivaloyloxymethyl, or acyl derivatives of alcohols, such as acetate or maleate. 
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Type n Diabetes and Related Disorders : It is well established that the incietins GLP-1 and GIP are 
rapidly inactivated in vrvo by DP-IV. Studies with DP-IV^*^'^eficieiit itiice and preliminary clinical trials 
indicate that DP-IV inhibition increases the steady state concentrations of GLP-1 and GIP, resulting in 
impmved glucose tolerance. By analogy to GLP-1 and GIP, it is likely that other glucagon family 

5 peptides involved in glucose regulation are also inactivated by DP-IV (eg. PACAP). Inactivation of 
these pq)tides by DP-IV may also play a role in glucose homeostasis. The DP-IV inhibitors of the 
present invention therefore have utility in the treatment of type n diabetes and in the treatment and 
prevexiuon of the numerous conditions that often accompany T^'pe H diabetes, including metabolic 
syndrome X, reactive hypoglycemia, and diabetic dyslipidemia. Obesity, discussed below, is another 

10 condition that is often found with Type n diabetes that may respond to treatment with the compounds of 
this invention. 

The following diseases, disorders and conditions are related to Type 2 diabetes, and 
therefore may be treated, controlled or in some cases prevented, by treatment with the compounds of this 
invention: (1) hyperglycemia, (2) low glucose tolerance, (3) insulin resistance, (4) obesity, (5) lipid . 

15 disorders, (6) dyslipidemia, (7) hyperlipidemia, (8) hypiBrtri^yeeridemia, (9) hypercholesterolemia, (10) 
low HDL levels, (11) high LDL levels, (12) atherosclerosis and its sequelae, (13) vascular restenosis, 
(14) irritable bowel syndrome, (15) inflammatory bowel disease, mcluding Qohn's disease and 
ulcerative colitis, (16) other inflammatorj' conditions. (17) pancreatitis, (18) abdominal obesity, (19) 
neurodegenerative disease, (20) retinopathy, (21) nephropathy, (22) nemopathy, (23) Syndrome X, (24) 

:>0 ovarian hyperandrogenism (polycystic ovarian syndromte), and other disorders where insulin resistance is 
a component 

Obesity : DP-IV inhibitors may be useful for the treatment of obesit>'. This is.based on the observed 
inhibitory effects on food intake and gastric en^tying.of GLP-1 ahd GLP-2. Exogenous administratioh 

X.5 of GLP-1 in humans significantiy decreases food intake and slows gastric emptying (Am. L PhvsioL , 
277: R910-R916 (1999)). ICV admmistration of GLP-1 in rats and mice also has profound effects on 
food intake flSf ature Medicine, 2: 1254-1258 (1996)). This inhibition of feeding is not observed in GLP- 
iR^"'"^ mice, indicating that these effects are mediated through brain GIP-1 receptors. By analogy to 
GLP-1, it is likely that GLP-2 is also regulated by DP-IV. ICV administration of GLP-2 also inhibits 

X food mtake. analogous to the effects observed with GLP-1 (Nature Medicine, 6: 80:?-807 (2000)). In 
addition, studies with DP-IV deficient mice suggest that these animals are resistant to diet-induced 
ubesity and associated pathology (e.g. hyperinsulinonemia). 

Growth Hcrmone Deficieiicv : DP-lV inhibition may be useful for the tfeatmenc of growtli ho.nnone 
^5 deficiency, based on the hypothesis that growth-horjnone releasing factor (GRF), a peptide that 
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Stimulates release of growth hormone from the anterior pituitary, is cleaved by the DP-IV enzyme in vivo 
(WO 00/56297). The following data provide evidence that GRF is an endogenous substrate: (1) GRF is 
efficiently cleaved in vitro to generate the inactive product GRF[344] fBBA 1122: 147-153 (1992)); (2) 
ORF is rapidly degraded in plasma to GRF[3-44]; this is prevented by the DP-IV inhibitor diprotin A; 
5 and (3) GRF[3-44] is found in the plasma of a human GRF transgenic pig fJ. Clm. Invest . 83: 1533-1540 
(1989)). Thus DP-IV inhibitors may be useful for the same spectrum of indications which have been 
considered for growth hormone secretagogues. 

hitestinal hiurv : The potential for using DP-IV mhibitors for the treatment of intestinal injury is 
10 suggested by the results of studies indicating that glucagon-like peptide-2 (GLP-2), a likely endogenous 
substi-ate for DP-IV,. may exhibit trophic effects on the intestinal epithelium (Regulatory Peptides, 90: 
27-32 (2000)). Administration of GLP-2 results in increased small bowel mass in rodents and attenuates 
intestinal injury in rodent models of colitis and enteritis. 

15 Immunosuppression : DP-IVinhibitionnmy be usefid for modulation of the mmiune response, ba^^ 
upon studies inq)Iicating the DP-IV enzyme in T cell activation and in chemokme processing, and 
efficacy of DP-IV inhibitors in in vivo models of disease. DP-IV has be^n shown to be identical to CD26, 
a cell surface marker for activated immune cells. .The expression of CD26 is fegulated by the 
differentiation and activation status of immune cells. It is generally accepted that CD26 functions as a 

20 co-stimulatory molecule in in vitro models of T cell activation. A number of chemokines contain proline . 
in the penultimate position, presumably to protect them from degradation by non-specific 
aminopeptidases. Many of these have been shown to be processed in vitro by DP-IV. In several cases 
(RANTES, LD78-beta, MDC, eotaxin, SDF-lalpha), cleavage results in an altered activity m chemotaxis 
and signaling assays. Receptor selectivity also appears to be rriodified in sbrne cases (RANTES). 

25 Multiple N-terminally truncated forms of a number of chemokines have been identified in in vitro cell 
culture systems, includmg the predicted products of DP-IV hydrolysis. 

DP-IV inhibitors have been shown to be efficacious immunosuppressants in animal 
models of transplantation and arthritis. Prodipine (Pro-Pro-diphenyl-phosphonate), an irreversible 
inhibitor of DP-IV, was shown to double cardiac allograft survival in rats firpm day 7 to day 14 

30 (Transplantation, 63: 1495-1500 (1997)). DP-IV inhibitors have been tested in collagen and 

alkyldiamme-induced arthritis in rats and showed a statistically significant attenuation of hind paw 
swelling in this model iTnt. J. Immunopharmacolo^. 19:15-24 (1997) and Xmrniinopharmacolopv , 40: 21- 
26 (1998)]. DP-IV is upregulated in a number of autoimmune diseases including rheumatoid arthritis, 
multiple sclerosis, Graves*^ disease, and Hashimoto's thjToiditis (Immunologv Todav. 20: 367-375 

35 (1999)). 
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V4TV tnfectioTi. DP-IV inhibition may be usefui for the treatment or prevention of HIV infection or AIDS 
because a nmnber of chemokines which mhibit HIV cell entry are potential substrates for DP-IV 
rTTTOTninnlo p^ Today 20: 367-375 (1999)). In the case of SDF-lalpha, cleavage decreases antiviral 
5 activity (PNAS, 95: 6331-6 (1998)). Thus, stabilization of SDF-lalpha through inhibition of DP-IV 
would be expected to decrease HIV infectivity. 

Hematopoiesis : DP-IV mhibition may be useful for flie tf eatnient or prevention of hematcpicsis because 
DP-IV may be involved in hematopoiesis. A DP-IV inWbitor, Val-Boro-Pro, stmmlated heinatopoiesis in . 
10 a mouse model of cyclophosphamide-induced neutropenia (WO 99/56753). 

Neuronal Disorders : DP-IV inhibition may be useful for the treatment or prevention of various neuronal 
or psychiatric disorders because a number of peptides implicated in a variety of neuronal processes are 
cleaved in vitro by DP-IV. A DP-I\^ inhibitor thus may have a therapeutic benefit in the treatment of 
15 ^neuronal disorders. Endomorphin-2, beta-casonrorphin, and substance P have all been shown to be in 
vitro substrates for DP-IV. hi all cases, in vitro cleavage is Inghly efficient, with kcat/Km about 10^ ^s'* 
or greater. In an electric shock jump test model of analgesia in rats, a DP-IV inhibitor showed a 
si^ficant effect that was independent of the presence of exogenous endomDrphin-2 fBrain Research. 
815:278-286(1999)). 

. 20 Neuroprotective and neuroregeneratiye effects of DP-IV inhibitors were also evidenced 

by the inhibitors* ability to protect motor neurons from excitotpxic cell death, to protect striatal 
innervation of dopaminergic neurons when administered conciirrendy with MPTP, and to promote 
recovery of striatal innervation density when given in a therapeutic manner following MPTP treatment 
[see Yong-Q, Wu, et al., '^Neuroprotective Effects of lohibitors of Dipeptidyl Peptidase-TV hi Vitro and 

25 In Vivo," Int. Coiif. On Dipeptidvl Aminopeptidases: Basic .Science andClfiaical Applications . 
September 26-29. 20C2 (Berlin, Germany)]. 

Tumor hivasion and Metastasis: DP-IV mhibition may be useful for the treatment or prevention of tumor 
invasion and metastasis because an increase oi decrease in expression of several ectopeptidases mcluding 

30 DP-rV has been observed during flie transformation of normal cells'to a malignant phenotype (J. Exp. 
Med., 190: 301-305 (1999)). Up- or down-regulation of these proteins appears to be tissue and cell-type 
specific. For example, increased CD26/DP-IV expression has been observed on T cell lymphoma, T cell 
acute lymphoblastic leukemia, cell-derived thyroid carcinomas, basal cell carcinomas, and breast 
carcinomas- Thus^ DP-IV inhibitors may have utility in the tfeatment of such carcinomas. 

35 
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Benign Prostatic Hvpertrophv : DP-IV inhibition may be useful for the treatment of benign prostatic 
hypertrophy because increased DP-IV activity was noted m prostate tissue fiom patients with BPH (Eur, 
J. Clin. Chem. Clin. Biochem.. 30: 333-338 (1992)), 

5 Sperm motjlity/male contraception: DP-IV inhibition may be useful for die altering sperm motility and 
for male contraception because in semmal fluid, prostatosomes, prostate derived organelles important for 
sperm motility, possess very high levels of DP-IV activity fEur. J. Clm. Chem. Clin. BiocheoL. 30: 333- 
338 (1992)). 

10 Gingivitis : DP-IV inhibition may be useful for the treatment of gingivitis because DP-IV activity was 
fonnd in gingival crevicular fluid and in some studies correlated with peiriodontal disease severity (Arch. 
Oral BioL> 37: 167-173 (1992)). 

Osteoporosis : DP-IV faihibition may be useful for the treatment or prevention of osteoporosis because 
15 GIP receptors are present in osteoblasts. 

The compounds of the present invention have utility in treating or preventmg one or 
more of the following conditions or diseases: (1) hyperglycemia, (2) low glucose tolerancie, (3) insulin 
resistance, (4) obesity, (5) lipid disorders, (6) dyslipidemia, (7) hyperlipidemia, (8) hypertriglyceridemia, 

20 (9) hypercholesterolemia^ (10) low HDL levels, (1 1) high LDL levels, (12) atherosclerosis and its 
sequelae, (13) vascular restenosis, (14) irritable bowel syndrome, (15) inflammatory bowel disease, 
including Crohn's disease and ulcerative colitis, (16) other inflammatory conditions, (17) pancreatitis, 
(18) abdominal obesity, (19) neurodegenerative disease, (20) retinopathy, (21) nephropathy, (22) 
neuropathy, (23) Syndrome X, (24) ovarian hyperandrogenism (polycystic ovarian syndrome), (25) Type 

25 n diabetes, (26) growth hormone deficiency, (27) neutropenia, (28) neuronal diisorders, (29) tumor . 
metastasis, (30) benign prostatic hypertrophy, (32) gmgivitis, (33) hypertension, (34) osteoporosis, and 
other conditions that may be treated or prevented by mhibition of DP-IV. 

The subject corq)ounds are further useful in a method for the prevention or treatment of 
the aforementioned diseases, disorders and conditions in combination with other agents. 

30 The compounds of the present invention may be used in combination with one or more 

other drugs in the treatrnent, prevention, suppression or amelioration of diseases or conditions for which 
compounds of Formula I or the other drugs may have utility, where the conibination of the drugs together 
are safer or more effective than either (tug alone. Such other di-ug(s) may be administered, by a route 
and in an amount commonly used therefor, contemporaneously or sequentially with a compound of 

35 Formula L When a compound of Formula I is used contemporaneously with one or more other drugs, a 
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phannaceutical composition in unit dosage form containing such other drugs and the compound of 
Formula I is preferred. However, the combinaticn therapy may also include their.pies in which the 
conq>ound of Formula I and one or more other drugs are administered on different overlapping schedules. 
It is also contemplated that when used in combmation with one or more other active ingredients, the 
conq)ounds of the present invention and the other active ingredients may be used in lower doses than 
when each is used singly. Accordingly, the pharmaceutical compositions of the present mvention include 
those fhzt contain one or more other active ingredients, in addition to a compound of Formula I. 

Examples of other active ingredients that may be administered in combination with a 
compound of Formula I, and either administered separa.tely or in the same phaimaceutical composition, 
include, but are not limited to: 

(a) other dipeptidyl peptidase r/ (DF-IV) inhibitors; 

(b) insulin sensitizers mcludmg (i) PPARy agonists such as the ghtazones (e.g. 
fxogUtazone, pioglitazone, englitazone, MCC-555, rosiglitazone, and the like) and other PPAR ligands, 
including PPARo/y dual agonists, such as KRP-297, and PPARa agonists such as fenofibric acid 
derivatives (gemfibrozil, clofibrate, fenofibrate and bezafibrate), (ii) biguauides such as metformin and 
phenformin, and (iii) protein tyrosine phosphatase-lB (PTP-IB) inhibitcnrs; 

(c) insulin or insuBn mimetics; 

(d) sulfonylureas and other insulin secretagogues, such as tolbutamide glyburide, 
glipizide, glimepiride, and meglitinides, such as repaglinide; 

(e) a.-glucosidase inhibitors (such as acarbose and miglitol); 

(f) glucagon receptor antargonists such as those disclosed in WO 98/04528, WO 
99/01423. WO 00/39088, and WO 00/69810; 

(g) GLP-1, GIJP-1 mimetics, and GLP-1 receptor agonists such.as those disclosed in 
WO00/4202e and WOOO/59887; 

(h) on* and Off mimetict. such as those diisclosexi in WOOO/58360, and GIP recept 

agonists; 

(i) PA(ZAP, PACAP raimetics, and PACAP receptor agonists such as those disclosed in 

WO 01/23420; 

(j) cholesterol lowering agents such as (i) HMG-CoA reductase mhibitors Qovastatin, 
simvastatin, pravastatin, cerivastatin, fluvastatin, atorvastatin, itavastatin, and rosuvastatin, and other 
statins), (ii) sequestrants (cholestyramine, colestipol, and dialkylamiooalkyl derivatives of a cross-linked 
dextran). (iii) nicotinyl alcohol, nicotinic acid or a salt thereof^ (iv) PPARa agonists such as fenofibric 
acid derivatives (gemfibrozil, clofibrate, fenofibrate and bezafibrate), (v) PPARa/y dual agonists, such as 
KPP-297, (vi) inliibitors of cholesterol absoiption, such, as beta-sitpsterol arid ezetiunibe, (vii) acyl 
CoAxholesterol acyitransferase inhibitors, such as avasimibe, and (viii) anti-oxidants, such as probucol; 
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(k) PPAR8 agonists, such as those disclosed in W097^8 149; 
0) antiobesity compounds such as fenfluramine, dexfenfluramine, phentennine, 
sibutramine, orlistat, neuropeptide Yi or Y5 antagonists, CBl receptor inverse agonists and antagonists, 
p3 adrenergic recq>tor agonists, melanocortm- receptor agonists, in particular melanocortm-4 receptor 
5 agonists, ghielin antagonists, and melanm-concentrating hormone (MCH) receptor antagonists; 
(m) ileal bile acid transporter inhibitors; 

(n) agents intended for use in inflammatory conditions such as aspirin, non-steroidal 
anti-mflammatory drugs, glucocorticoids, azulfidine, and selective cyclooxygenase-2 inhibitors; and 
(0) antihypertensive agents such as ACE inhibitors (enalapril, lisinopril, captopril, 

10 quinapril, tandolapril), A-II receptor blockers Oosartan, candesartan, irbesaitan, yalsartan, telniisartan, 
eprosartah), beta blockers and calcium channel blockers. 

Dipeptidyl peptidase-IV inhibitors that can be combined with compounds of structural 
formula I include those disclosed m WO 03/004498 (16 January 2003); WO 03/004496 (16 January 
2003); EP 1 258 476 (20 November 2002); WO 02/083128 (24 October 2002); WO 02/062764 (15 

15 August 2002); WO 03/000250 (3 January 2003); WO 03/002530 (9 January 2003); WO 03/002531 (9 
January 2003); WO 03/002553 (9 January 2003); WO 03/002593 (9 January 2003); WO 03/000180 (3 
January 2003); and WO 03/000181 (3 January 2003). SpeciBc DP-IV inhibitor compounds include 
isoleucine thiazolidide; NVP-DPP728; P32/98; and LAF 237. 

Antiobesity compounds that can be combined with compounds of structural formula I 

20 include fenflurainine, dexfenfluramme, phentetmine, sibutramine, orlistat, neuropeptide Yi or Y5 

antagonists, cannabinoid CBl receptor antagonists or inverse agonists, melanocortin receptor agonists, in 
particular, melanocortin-4 receptor agonists, ghrelin antagonists, and inelanin-cbncentrating hormone 
(MCH) receptor antagonists: For a review of anti-obesity confounds that can be combined with 
compounds of structural formula I, see S. Chaki et aL, '"Recent advances in feBding-^uppressing agents: 

'li potential therapeutic strategy for the treabpent of obesity," Expert Opin . Ther. Patents. 11: 1677-1692 
(2001) and D. Spanswick and K. Lee, 'Emerging antiobesity drugs," Expert Ooin. Emerging Drugs. 8: 
217-237(2003). 

Neuropeptide Y5 antagonists that can be combined with compounds of structural 
formula I include those disclosed in U.S. Patent No. 6.335.345 (1 January 2002) and WO 01/14376 (1 
30 March 2001); and specific compounds identified as GW 59884A; GW 569180A; LY366377; and CGP- 
7i683A. 

Cannabinoid CB 1 receptor antagonists that can be combined with compounds of formula 
iinclude those disclosed in PCX Publication WO 03/007887; U.S: Patent No. 5,624,941, such as 
rimonabaiit; PCX Publication WO 02/076949. such as SLV.319; U.S. Patent No. 6.028,084; PCX 
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PubUcation WO 98/41519; PCX PubHcation WO 00/10968; PCX PubUcation WO 99/02499; V.S. Patent 
No. 5,532,237; and U.S. Patent No. 5,292,736. 

Melanocortin receptor agonists that can be combined with conipounds of structural 
formula I include those disclosed in WO 03/009847 (6 February 2003); WO 02/068388 (6 September 
5 2002); WO 99/64002 (16 December 1999); WO 00/74679 (14 December 2000); WO 01/70708 (27 
September 2001); and WO 01/70337 (27 September 2001) as well as those disclosed in J.D. Speake et 
al., '"Recent advances in the development of melanocortin-4 receptor agonists," Expert Qpin. Ther. 
Patents. 12: 1631-1638 (2002). 

When a compound of the present invention is used conteiDporaneously with one or more 
10 other drugs, a phannaceutical composition containing such other drugs in addition to the compound of 
the present invention is preferred. Accordingly, the pharmaceutical compositions of the present 
invention include those that also contain one or more other active ingredients, in addition to a compound 
of the present invention. 

The weight ratio of the compound of the present invention to the second active 
15 inp^ent may be varied and will depend upon the effective dose of each ingredient. Generally, an 
effective dose of each will be. used. Thns. for example, when a compound of the present invention is 
combined with another agent, the weight ratio of the compound of the present invention to the other . 
agent will generally range from about 1000: 1 to abouit 1 : lOOOi preferably about 200: 1 to about 1 :200. 
r:ombinations of a compound of the present invention and other active mgredients will generally also be 
. ^Adtitiin the aforementioned range, but in each case, an effective dose of each active ingredient, should be 
used. 

In such combinations the compound of the present invention and other active agents may 
be administered separately or in conjunction. In addition, the administration of one element may be prior 
to, concurrent to, or subsequent to the administration of other agent(s). 

The compounds of the present invention itiay be administered by oral, parenteral (e.g., 
intramuscular, intraperitoneal, intravenous, ICV, intracistemal injection or.infusipn, subcutaneous 
injection, or implant), by inhalation spray, nasal, vaginal, rectal, subungual, or topical routes of 
administration and may be formulated, alone or together, in suitable dosage unit formulations containing 
conventional non-toxic phannaceuticaliy acceptable carriers, adjuvants and vehicles appropriate for each 
> route of administration. In addition to the treatment of warm-blooded animals such as mice, rats, horses, ^ 
catde, sheep, dogs, cats, monkeys, etc., the compounds of the invention are effective for use in humans. 

The pharmaceutical compositions for the administration of the compounds of this 
;Vj';vention may convenientiy be presented in dosage unit form and may be prepared by any of the methods 
well known in the art of pharmacy. All methods include the step of bringing the active ingiedient into 
35 association with the carrier which constitutes one or more accessory ingredients. In general, the 
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phannaceutical compositions are prepared by uniformly and intimately bringing tiie active ingredient into 
association with a liquid carrier or a finely divided solid carrier or both, arid then, if necessary, shaping, 
the product into the desired formulation. In the phannaceutical composition the active object conqjound 
is included in an amount sufficient to produce the desired effect upon the process or condition of 

5 diseases. As used herein, the term "composition" is intended to encompass a product comprising flie 
specified mgredients in the specified amounts, as well as any product which results, directly or mdirecfly, 
fiom combination of the specified ingredients in the specified amounts. 

The pharmaceutical conq)Ositions containing tiie active ingredient may be m a form 
suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible 

10 powders or granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for 
oral use may be prepared according to any method known to the iart for the manufacture of 
phannaceutical compositions and such compositions may contain one or more agents selected from the 
group consisting of sweetening agents, flavoring agents, coloring agents and preserving agents in order to 
provide phaimaceutically elegant and palatable preparations. Tablets contain the active ingredient in 

15 admixture with non-toxic phannaceutically acceptable exdpients which are suitable for the manufacture 
of tablets; These excipients may be for example, inert diluents, such as calcium carbonate, sodium 
carbonate, lactose, calcium phosphate or sodium phosphate; granulating and disintegrating agents, for 
exan^^le, com starch, or algmic acid; binding agents, for example starch, gelatin or acacia, and 
lubricating agents, for example rnagnesium stearate, stearic acid or talc. The tablets may be uncoated or 

20 they may be coated by known techniques to delay disintegration and absorption in the gastrointestinal - 
tract and thereby provide a sustained action over a longer period. For example, a tune delay material 
such as glyceryl monostearate or glyceryl distearate may be employed. They may also be coated by the 
techniques described in the U.S. Patents 4,256,108; 4, 166.452; and 4,265,874 to form osmotic 
therapeutic tablets for control release. 

25 Formulations for oral use may dso be presented as hard gelatin capsules wherein the 

active ingredient is mixed with an inert soUd diluent, for example, caldum carbonate, cal^^ 
or kaolin, or as soft gelatin capsules wherein the active ingredient is riiixed with water or an oil medium, 
for exanq)le peanut oil, liquid parafGn, or olive oil. 

Aqueous suspensions contain the active materials in admixture with excipients suitable 

30 for the manufacture of aqueous suspensions. Such excipients are suspending agents, for example sodium 
carboxymethylcellulose, methylcellulose, hydroxy- propylmethylcellulose, sodium alginate, polyvinyl- 
pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting agents may be a naturally-occurring 
phosphatide, for example lecitiiin, or condeinsation products of an alkylene oxide with fatty acids, for 
exan^le polyoxyethylene stearate^ or condensation products of ethylene oxide with long chain aliphatic 

35 alcohols, for example heptadecaethylenebxycetanol, or condensation products of ethylene oxide with 
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partial esters derived &om tiatt>- acids and a hexitol sueh as polyoxyethylene sorbitol monooleate, or 
condensation product-i of ediylene oxide with partial esters derived from fatty acids and hexitol 
anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspaisions may also contain 
;vne or more preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring 

5» agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active ingredient in a vegetable 
oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid parafBn. 
The oily su!>pKusiuus may contain a thickening agent, for exaiGpIs beesv/ax, hard paraffin or cetj'l 
alcohol. Sweetening agents such as those set forth above, and flavoring agents may be added to provide 

10 a palatable oral preparation. These compositions may be preserved by the addition of an anti-oxidant 
such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by 
the addition of water provide the active ingredient in admixture with a dispersing or wetting agent, 
suspending agent and one or more preservatives. Suitable dispersing or wetting agents and suspending 

i5 agents are exemplified by those already mentioned above. Additional excipients, for exan^le 
sweetening, flavoring and coloring agents, may also be present. 

. The pharmaceutical compositioris of the invipntion may also be in the form of oil-in- 
water emulsions. The oily phase may be a vegetable oil, for exan^le olive oil or arachis ofl, or a mineral 
oil, for example liquid parafBn or mixtures of these. Suitable emulsifying agents may be naturally- ? 

:>.0 occurring gums, for example gum acacia or. gum tragacanth, naturally-occurring phosphatides, for 

example soy bean, lecithin, and esters or partial esters derived from fatty acids and hexitol anhydrides, 
for example sorbitan monooleate, and condensation products of the said partial esters with ethylene 
oxide, for exan:5>le polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening 
<ind flavorhig agents. 

Syrups and elixirs laoaj-be formulated with {sweetening Kgents, for example glycerol, 
propylene glycol, sorbitol or sucrose. Such formulations may. also contain a demulcent, a preservative 
and flavoring and coloring agents. 

The pharmaceutical compositions may be in the form of a sterile injectable aqueous or 
^•leagenous suspension. This suspension may be formulated according to the known art using those 
f.iiitable dispersing or wrtting agents and suspending agents which have been mentioned above. The 
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-toxic 
parejiterally-acceptable diluent or solvent, for example as a solution in L3-butane diol. Among the 
fiCceptable vehicles and solvents that may be employed are water. Ringer's solution and isotonic sodium 
. -blonde rolution. In addition, sterile, fixed oils are conventionally employed as a solvent or suspending 
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medium. For tbis purpose any bland fixed oO may be employed including synthetic mono- or 
diglycerides. In addition, fatty acids such as oleic acid find use in the preparation of injectables. 

The compounds of the present invention may also be administered in the form of 
suppositories for rectal administration of the drug. These compositions can be prepared by mixing the 
drug with a suitable non-irritating excipent which is soUd at ordinary tetapentmes but Uquid at tije 
rectal tanperature and will fliraefore melt in the rectum to release tiie drug. Such materials are cocoa 
butter and polyethylene glycols. 

For topical use, creams, ointments, jellies, solutions or suspensions, etc., containing tiie 
compounds of The present invention are employed. (For purposes of this appUcation, topical appUcation 
shall incfiide mouth washes and gargles.) 

The pharmaceutical composition and metiiod of the present invraition may farther 
comprise otiiear tiierapeuticaUy active compounds as noted herein which are usually appUed in die 
treatment of the above mentioned pathological conditions. 

In the treatment or prevention of conditions which require, inhibition of dipeptidyl 
peptidase-TV enzyme activity an appropriate dosage level wiU genially be about 0.01 to 500 mg par kg 
patient body weight per day which can be administered in smgle or multiple doses. Prefeiably, tiie 
dosage level will be about 0.1 to about 250 mg/kg per day; inare preferably about 0.5 to about 100 mgflcg 
pa day. A suitable dosage level may be about O-Ol to 250 mg/kg per day, abotit 0.05 to 100 mg/kg per •. 
dayiOraboutOiltoSOmgfltgperday. Witiurifliisrange lhedosage.inaybe0.05to0.5,0.5to5 orSto 
50 mg/kg per day. For oral administration, the conqiositions are preferably provided in tiie form of 
tablets containing 1.0 to 1000 mg of tiie active ingredient, particularly 1.0, 5.Q, 10.0, 15.0. 20.0, 25.0, 
50.0, 75.0, 100.0, 150.0, 200.0, 250.0, 300.0, 400.0, 500.0, 600.0, 750.0. 800.0, 900.0. and lOOO.O mg of 
tiie active ingredient for ttie symptomatic adjiistiiient of tiie dosage to tiie patient to be treated. The 
con5)Ounds may be administered on a regimen of 1 to 4 times per day, preferably once or twice per day. 

When treating or preventing diabetes meUitus and/or hyperglycemia or 
hypertriglyceridemia or oflier diseases for which conqpounds of the present invention are indicated, 
generally satisfactory results are obtained whien tiie compounds of tiie preseiit mvention are administered 
at a daily dosage of fiom about 0.1 mg to about 100 mg per kilogram of animal body weight, preferably 
given as a single daily dose or in divided doses two to six times a day. or in sustained release form. For 
most large mammals, flie total daily dosa^ is ftran about 1.0 mg to about 1000 mg. preferably from 
about 1 mg to about 50 mg- In tiie case of a 70 kg adult human, tiie total daily dose will generaUy be 
from about 7 mg to about 350 mg. This dosage regimen may be adjusted to provide tiie optimal 

therapeutic response. _ 

It will be understood, however^ tiiat tiie specific d6se level and frequency of dosage for 

any particular patient may be varied and will depend upon a variety of factors including tiie activity of 
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the specific compound eiiq)loyed> the metabolic stability and length of action of that compound, ihe age, 
body weight, general health, sex, diet, mode and time of administration, rate of excretion, drug 
combination, the severity of the particular condition, and the host undergoing therapy. 

Several methods for preparing the compounds of this invention are illustrated in the 
following Schemes and Examples. Starting materials are made according to procedures known in the art 
or as illustrated herein. 

SCHEME 1 



O 

BocHN^A, 



OMe 



HnCx (4) 



Pt02,AcOH, >^ LDH(aq),THF 



O 



H2,50atm 



OH 
2 



BocHN^^I^^ BocHN 

^ / Dess-Marlin Periodinahe 
or other oxidation 



EDC, HOBt. DIEA 
o\ other coupling method 




Cb7HN 



• LTFA. OCM ^ 
2. Cbz-CI, base, 
solvent 



10 




1. 



r6 

}=\ NHg 

a 

pTsOHi Ethanol, reflux 
2. Hp.. Pd(0H)2, MeOH 




i5 



The preparation of compounds of structural formula I, wherein r1 is hydrogen, is 
:^llustrated in Scheme 1. Ester 1, which may be commercially available or readily prepared from the 
.<.orresponding amino acid by protection using, foi example di-ten-huiyl dicarbonate, and esterification in 
methanol or ethanol containing an. acid such as hydrochloric acid, is subjected to catalytic hydrogenation 
using a catalyst such as platinum oxide m a solvent such as acetic acid at a pressure of up to SO psi for a 
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time of 2 to 16 h to give the cyclohexyl derivative 2. The ester functioiiality in compound 2 can be 
removed to yield the carboxylic acid 3. In the case of an ester such as methyl or ethyl, this is achieved by 
saponification usmg a base such as aqueous lithium hydroxide in a polar solvent such as tetrahydrofiiran, 
methanol or a mixture of sunilar solvents. As will be understood by those skilled in the art. for the 

5 preparation of enantiomerically pure alpha amino adds, enantiomerically pure alpha ammo acids 1 may 
be used. Related routes to these con5)Ounds can be found m the foUowing references: NnitetaL, 
Peptides: Structure and Function, Proceed, of the 9"* Amer. PepL Symp., eds C. Deber et al,. Pierce 
Chemical Co. Rockford, n " 441 (1985), and Banfi et al., Syn. Commun., 19, 1787-1799 (1989). Acid 3 is 
coupled to heterocyclic amine 4 under standard peptide coupling conditions, for example, usmg 1-ethyl- 

10 3-(3-dimethylaminopropyl)-carbodiimide (EDC), l-hydroxybenzotriazole (HOBT), and a base, generally 
MAf-diisopropylethylamine, in a solvent such as N,N-dimethylformamide (DMF) or dichloromethane for 
3 to 48 h at ambient temperature to provide intermediate 5. The resultant alcohol may be oxidized to the. 
ketone using, for example, Dess-Martin periodinane reagent in dichloromethane for 1 to 5 h at ambient 
temperature to provide intermediate 6. The Boc protected ketone 6 is deprotected by treatment with an 

15 acid such as TFA or HO in a solvent such as dicWorornethane or dioxane at ambient temperature. The 
resultant TEA or HQ salt may be treated with saturated aqueous sodium bicarbonate and THF with 
benzyl chlorofoimate to provide carboxybenzyl (Cbz) protected product 7. Ketone 2 is treated with the 
appropriate arylhydrazme 8 in the presence of an acid such as pam-toluenesidfonic acid in a solvent such 
as ethanol, typically at elevated tempierature, to afford the desired Cbz protected fused indole. 

20 Depiotection under catalytic hy drogenation conditions, for example using palladium hydroxide as 

catalyst, provides the final compound I, wherein is hydrogen. The product is purified from unwanted 
side products, if necessary, by recrystallization, trituration, preparative fhin layer chromatography, flash 
chromatography on silica gel, such as with a fiiotage® apparatus, or HPLG. Compounds that are purified 
by HPLC may be isolated as the corresponding salt Diastereomeric mixtures may be resolved using a 

25 ChiralCel column (types AD, AS, OD, or OJ). Purification of intermediates is achieved in the same 

manner. ' 

Arylhydrazmes 8 are commercially available, known in the literature, or may be prepared 
by a variety of methods commonly known to those skilled in the art. 
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SCHEMI^ 2. 




The synthesis of compounds of struGtural formula L. wherein is cyano. is illustrated in 
Scheme 2. Acid 3, prepared as described in Scheme 1, is coupled to heterocyclic amine 9mider standard 
peptide coupling conditions, for example, using l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC), 
l-hydroxybenzotriazole (HOST), and a base, generally A^,JV-diisopropylethylamuie, in a solvent sach as 
N,N-dimethylformaniide (DMF) or dichloromethane for 3 to 48 h at ambient temperature to provide 
intermediate 10. Intermediate 10 is converted to Cbz protected indole 11 as described above in Scheme 
1. Indole 13 is then treated with a dehydrating agent such as cyanuric chloride in a polar solvent, for 
( rample, dimethylformamide for 1 to 16 h at 0 to 50 °C to provide the nitrile. The protecting group is 
iitjien removed with, for exan^le, hydrobromic add in acetic acid to give the desired product of structural 
iommia I, v/herein is cyano. 
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SCHEMES 




N-hydroxysuccinimide 
EDO 





TFA, CHgCjg 
or H2, Pd catalyst 




Heterocyclic amines 9 aie commercially available, knowrt in the literature or may be 
conveniently prepared by a variety of methods familiar to those skilled in tiie art. One common route is 

5 illustrated in Scheme 3 and involves treatment of acid 14, wherem P is a carbamate protecting group such 
as Boc or Cbz, with N-hydroxysuccinimide and EDC or other smtable; coupling agent in a solvent such as 
dichloromethane for 1 to 16 h. The resultant product 15 is then treated with a base, for exan^jle, aqueous 
anmonium hydroxide in a solvent such as dioxane. Removal of the protecting group, for example by 
treatment with TFA in dichloromefliaiie in the case of Bqc or under catalytic hydrogenation conditibns in 

10 the case of Cbz, provides intermediates 9- Acid derivatives 14 are commercially available, known m the 
literature or may be convenienfly prepared by a variety of methods familiar to those skilled in the art. 
For example, when X is CHF or CF2, synthesis of the methyl ester of 14 is described in Demange et al.. 

Tetrahedron Lett.,39: 1169 {199^1 

Li some cases, compounds of structural formula I or synthetic intermediates illustrated in 
15 the above schemes may be further modified, for example, by manipulation of substituents on R^, R^, R^, 
r5, and R^. These manipulations may include, but are not limited to, substitution, reduction, oxidation, 
alkylation, acylation, and hydrolysis reactions which are commonly known to those skilled in the art. 

In some cases the order of carrying out the foregoing reaction schemes may be varied to 
facilitate the reaction or to avoid unwanted reactiop products. The foUpwing.Examples aie provided so 
20 that the mvention might be more fully understood. These Examples are illustrative only and should not 
be construed as limiting the invention in any way. . 
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INTERMEDIATE! 
O 




OH 



Methyl (2SVr(rgrr-butoxvcaibonvl >aiT»ino](4- hvdroxvcvcloheCT^ 

To a solulioB of 20 mL (230 mmol) of acetyl chloride in 400 mL of methanol at 0 **C was 

5 added 20 g (120 mmol) of (S)-4-hydroxyphenyIglycine.* The mixtuie was stiired at ambient tenq)erature 
for 16 h, heated at 40 °C for 2 h, cooled and concentrated in vacuo. Water was added and the mixture 
was extracted with three portions of dichloromethane. The combined organic phase was washed with 
brine, dried over magnesium sulfate, and concentrated in vacuo to give the crude methyl esten This 
material was dissolved in 400 mL of dichloromethane and 28.8 g (132 mmol) of di'tert-baiyl 

10 dicarbonate, and 31.4 mL. (180 mmol) of iV,iV-diisopropylethylamine (DIEA) was added. The mixture 
was stirred at ambient temperature for 20 h, concentrated in vacuo, and dissolved in 400 mL of ethyl 
acetate. Tht organic phase was washed with sequentially with saturated sodium bicarbonate solution, 
water, and brine, dried over magnesium sulfate, and concentrated in vacuo. The crude solid was 
triturated with 200 niL of 1:4 etherrhexane to give 30 g of die Boc carbamate which was dissolved in 300 

i S ml* of acetic acid. To the solution was added 2.2 g of platinum (IV) oxide and the reaction was shaken 
under an atmosphere of hydrogen (48 psi) for 2 h, filtered and concentrated in vacuo. The crude aooaterial 
was dissolved in ethyl acetate and washed sequentially with saturated sodium bicarbonate solution, 
water, and brine, dried over magnesium sulfate, and concentrated in vacuo. Purification by flash 
chiomatography (silica gel, 20 to 40% ethyl acetate in hexanes) afforded 8.83 g of the cis title compound: 

20 hi NMR (400 MHz, CDCls) 6 5.05 0>a, IH. J = 12Hz), 433-4 .27 (m, IH). 4.05 0)S, IH). 3.78 (s,3H), 

i.;89-1.78 (m, 211), 1.63-1.38 (m, 16H). 

Continued elution gave 3.50 g of the trans title compound: 

NMR (400 MHz, CDCI3) 5 5.04 0>d, IH, J = 12Hz), 4.30-4.23 (m, IH), 3.78 (5,3H), 3.59- 3.51 (m, 

ill), 2.08-2.00 (m, 2H), 1.79-1.50 (m, 3H), 1.43 (s, 9H), 1.33-1.04 (m, 4H). 

25 
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TNTERMEDIATE2 
O 

BocHN, 

OH 

teft-Bntvl ra^l-f44ivdioxvcvclohex vlV2^xcH2-DmoHdm-l-^^^ 

To a solution of 3.0 g (11 mmol) of Intermediate I in 150 mL of THF wifli 50 mL of 

5 methanol was added 54 mL (54 mmol) of 1 N aqueous lithium hydroxide solution. The reaction mixture 
was stirred for 2 h at ambient temperature then concentrated in vacuo. The residue was acidified with 
200 mL of 5% aqueous hydrochloride acid and die mixture extracted twice with 200 mL of ethyl acetate. 
The combined organic extracts were washed sequentially with 250 mL of 10% aqueous hydrochloric acid 
and 250 mL of brine, dried over sodium sulfate, filtered and concentrated in vacuo. The crude acid was 

10 then dissolved in 100 mL of dichloromethane and 1. 1 mL (13 mmol) of pyrrolidine, 2.2 g (11 mmol) of 
EDO, 1.4 g (11 mmol) of HOBt, and 2.0 mL (11 mmol) of MAWiisopropylethylamine were added in 
succession. The reaction mixture was stirred under nitrogen at ambient tempemture for 12 h, and 300 
mL of dichloromethane was added. The reaction mixtuie was then washed sequentially with 400 mL of 
5% aqueous hydrochloric acid, 400 mL of saturated aqueous sodium bicarbonate solution, and400 mL of 

15 brine, then dried over sodium sulfate, flitted, and concentrated in vacuo. Purification by flash 

chromatography (silica gel, gradient, 100% ethyl acetate to 10% methanol/ethyl acetate) afforded 1.7 g of 
the &sired pyrrolidine amide. LC-MS (M + 23): 327 3. 



20 



CbzHN, 




Benzvl ra51-2-oxo-l-f4-oxocvclohexvlV2-pvirolidin-l-vlethvncarbamate 

To a solution of 1.7 g (5.3 inmol) of Intermediate 2 in lOt) roL of dichloromethane was 
25 added 2.9 g (6.9 mmol) of Dess-Martin periodinane. The reaction mixture was stirred at ambient 
temperature for 2 h then quenched with 50 mL of saturated aqueous sodium sulfite solution. The 
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i*iactioii mbctiire was stirred for 5 min then 50 mL of saturated aqueous sodium bicarbonate solution was 
added and the mixture stirred for an additional 15 min. The organic layer was then washed sequentially 
with 100 mL of saturated aqueous sodium sulfite solution, 100 mL of saturated aqueous sodium 
bicarbonate solution, and 100 mL of biine, dried over sodium sulfate, filtered and concentrated in vacuo. 

A solution of the above crude Boc protected ketone in 20 mL of dichloromethane/TPA 
(1:1) was stirred for 30 min at ambient temperature. The solution was then concentrated in vacuo and the 
crude residue was treated with 500 mL of THF, 20 mL of saturated aqueous sodium bicarbonate solution, 
and 0.70 mL (4.9 mmol) of benzyl cmorofoimate* The reaction mixture was stirred at auibieul 
ien^)erature for 1 h, then extracted with ethyl acetate (150 mL). The organic layer was washed once with 
80 mL of brine, dried over sodium sulfate, filtered and concentrated in vacuo. Purification by flash 
chromatography (silica gel, gradient, 90% ethyl acetate/hexane to l6%iQethanol/ethyl acetate) afforded 
1,2 g of the tide compound. LC-MS (M + 1): 359.2. 
GEMBRAL PK OrRDTTRE FOR FORMATION OF INDOLES 

Conomercially available arylhydrazines (1.5 equiv). Intermediate 3 (1 equiv). and para- 
toluenesulfdnic acid (pTsOH, 3 equiv) were dissolved in e^tfaandl (10 mL/mmoI) and the reaction mixture 
was heated to reflux overnight or until the ketone was consumed, as determined by thin layer 
chromatography (TLC). The reaction m*.7cture was then cooled to room temperature, concentrated in 
vacuo, a[nd the crude product purified directiy on a Gilson reverse phase preparative HPLC (YMC-Pack 
Pro Cl8, gradient method, 9:1 to 1:9 watet/acetonitrile oyer 9 min at 20.mL/min).. After concentration of 
the pure fractions to afford the desired Cbz protected indole, the compound was dissolved in ethanol . 
(10.0 raL/nmiol), and a catalytic amount of palladiuin hydroxide (10-50 rog, 20% on carbon) was added 
-i?.d the reaction mixture \wdis stirred under hydrogen (1 atm) for 1-3 h until the protected compound was 
consumed, as determined by TLC or LC-MS. The reaction mixture was filtered through a Celite pad, the 
filter cake was washed with methanol (20 mL/mmol), and the resultant solution was concentrated in 
vacuo. Purification of the crude amine by Gilson reverse phase .HPLC (YMC-Pack Pro C18, gradient 
method, 9: 1 to 1:9 watcir/acetonitrile over 9 min at 20 mlJinin) afforded the pure fused indoles of , 
structural formida L 

When necessary, diasteieomeric mixtures of final products were resolved using a 
ChiralCel OJ 4.6 x 250 mm 10 micron column (60% ethanol/bexanes). 

Essentially following this procedure, the Exam[q)les shown in Table 1 were prepared. 

TABLE 1 
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O 




Ex. 


X 


R2 


R3 


R5 


MS(M+1) 
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S 
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CH2 
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CH2 
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382.2 
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CH2 


H 
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CH2 


H 
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CH2 


H 


C02Et 
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370.2 
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CH2 
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Cp2H 


342.2 


8 


CH2 


H 


H 


CbjjEt 


370.2 


9 


CH2 


. H 


caPs '■ 


H 


366.2 


10 


CF2 


H 


CX>NHn-Dec 


H 


517:4 


11 


CEf2 


Me 


H 


H 


31X2 


12 


CH2 


Ph 


H 


H 


374.3 



EXAMPLE OF A PHARMACEUTICAL FORMULATION 
As a specific embodiment of an orial pharmaceutical conq)osition, a 100 mg potency 
5 tablet is composed of 100 mg of any of the compounds of the present invention, 268 mg microcrystalline 
cellulose, 20 mg of croscarmellose sodium, and 4 mg of magnesium stearate. The active, 
microaystalUne cellulose, and croscarmellose are blended first. The mixture is then lubricated by 
magnesium stearate and pressed into tablets. 

10 While the invention has been described and illustrated with reference to certain 

particular embodunents thereof, those skilled in the art will appreciate that various adaptations, changes, 
modifications, substitutions, deletions, or additions of procedures and protocols may be made without 
departing from die spirit arid scope of the invention, jpor example, effective dosages other than the 
particular dosages as set forth herein above may be applicable as a consequence of variations in 
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responsiveness of the mammal being treated foi any of the indications with the compounds of the 
invention indicated above. The specific pharmacological responses observed may vary according to and 
depending upon the particular active conq>ounds selected or whether there are present pharmaceutical 
carriers, as well as the type of fonnulation and mode of admmistration employed, and such expected 
variations or differences in the results are contemplated in accordance with the objects and practices of 
the present invention. It is intended, therefore, that the invention be defined by the scope of the claims 
which foQow and that such claims be interpreted as broadly as is reasonable. 
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WHAT IS CLAIMED IS: 



I. A compound of structural formula L 




wherein: 

each n is independently 0, 1, 2, or 3; 



X is selected from S, S(0), S(0)2, CH2, CHF, and CF2; 

10 

is hydrogen or -CN; 

r2 is selected from the group consisting of 
hydrogen, 

15 Ci-6 alkyl, wherein alkyl is unsubstituted or substituted with one to five substituents 

independently selected from halogen, hydroxy, CO2H, 

Ci^ alkyloxycarbonyl, and 
(CH2)n-aryl, wherein aryl is unsubstituted or substituted with one to five substituents 

independendy selected from halogen, hydroxy, CO2H, . 
20 Ci-6 alkyloxycarbonyl, Ci-6 alkyl, C3-6 cycloalkyl, and Ci-6 alkoxy, wherein alkyl and 

alkoxy are unsubstituted or substituted with one to five halogens; 

R3, r4, r5^ and R6 are each independently selected from flie group consisting of 
hydrogen, 
25 halogen, 
cyano, 
hydroxy, 
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Ci-6 alkyl, wherein alkyl is uusubstituted oi substituted with one to five halogens, 

Ci^ alkoxy, wherein alkoxy is imsubstituted of substituted with one to five halogens, 

(C3l2)n-COOH, 

(CH2)n-C»OCi_6 alkyl, 

(CH2)n-CONR7R8, 

(C3l2)n-NR7R8. 

(CH2)n-NRl0sO2R9 

(CH2)n-NRlOcONR7R8, 

(CH2)n-NRl0cORl0, 

(CH2)n-NRl0cO2R9, 

(CH2)n-aryl, wherein aryl is m<:ubslituted or substituted with one to five substituents 
independendy selected from halogen, hydroxy, CO2H, 

Ci-6 alkyloxycarbonyl, Ci^ alkyl, C3-6 cycloalkyl, and Ci-6 alkoxy, wherein allsyl and 

alkoxy are uusubstituted or substituted with one to five halogeiis, 
wherein any methylene (CH2) carbon atom in R3, R4, r5^ and r6 is unsubstituted or substituted 
v/ith one to two groups independently selected from halogen, hydroxy, and Ci^ alkyl 
uiisubstimted or substituted with one to five halogens; 

are each independently selected from the group Consisting of . 
hydrogen, 
(CH2)ii-phenyL 
(CH2)ii"C3_6 cycloall^^i, and 

Ci-10 alkyl, . - . . " . 

ivherein alk>'l is unsubstituted or substituted with one to five halogens and wherein phenyl and 
cycloalkyl are unsubstitiited or subsLiluted .with one to five substituents independently, 
selected from halogen, hydroxy, Ci-6 alkyl, and Ci-g alkoxy, wherein alkyl and alkoxy 

aie unsubstituted or substituted with one to five halogens; or 
r7 and R8 together with the nitrogen atom to which they are attached form a heterocyclic ring selected 
from azetidine, pyrrolidine, piperidine, piperazine, and morpholine wherein said heterocyclic ring is 
ansubstituted or substituted with one to three substituents independently selected from halogen, hydroxy. 
aikyly and Ci-6 alkoxy, wherein alkyl and alkoxy are imsubstituted or substituted with one to five 

halogens; 

R-' k selected from the gxoup consisting of (CH2)n-phenyl, (CH2)n-C3-6 cycioalk^'i, and Ci-6 alkyl.. 
wherem alkyl is unsubstituted or substituted with one to five halogens and wherein phenyl and cycloalkyl 
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are unsubstituted or substituted with one to five substituents independently selected firom halogen, 
hydroxy, Ci-6 alkyl, and Ci-6 alkoxy, wherein alkyl and alkoxy are unsubstituted or substituted with one 
to five halogens, and wherein any methylene (CH2) carbon atom in R9 is unsubstituted or substituted 
with one to two groups mdependendy selected from halogen, hydroxy, and Ci^ alkyl unsubstituted or 
S substituted with one to five halogens; and 

e^h RIO is hydrogen or R9. 

2. The compound of Claim 1 of structural formula la wherein the carbon atom 
10 marked with an * has the stereochemical configuration as depicted in formula la: 




la- 



15 



3. Tne compound of Claim i wherein X is S, S(0), or S(0)2. 

4. The compound of Claim 3 wherein R1 is hydrogen. 

5. The compound of Qaim 2 wherein X is S, S(0), or S(0)2. 
20 6. The compound of Claim 1 wherein X is CH2, CHF, or CF2. 

7. The compound of Claim 6 wherein Rl is' hyctogen. 

8. The compound of Claim 2 wherein X is CH2, CHF, or CF2. 



25 
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9. The coinpound of QaiiQ 1 wherein R2 is hydrogen, methyl, or phenyl. 

10. The coii5)oiind of aaim 9 wherein R3, r4, r5 and R6 are each independently 
selected from the group consisting of hydrogen, halogen, trifluoromethyl, trifluoromethoxy, carboxy, and 

5 CXDOCi^alkyl. 

1 1 . The compound of Claim 10 wherein R4 and R6 are hydrogen. 

12. The compound of Claim 1 1 of structural formula n selected from the group 

10 consisting of: 



O 




X 


R2 


R3 


R5 


s 


H . 


. H 


CI 


CH2 


H 


H 


CI 


CH2 


H 


H 


OCF3 


CH2 


H 


H 


CF3 


CH2 


: H 


CO2H 


H 


CH2 


H 


C02Et 


H 


CH2 


H 


H 


CO2H 


CH2 


H 


H 


C02Pt 


CH2 


H ■ 


CF3 


H 


CF2 


H 


CONHn-Dec 


H 


CH2 


Me 


H 


H 


CH2 


Ph 


H' 


H 
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13. A pharmaceutical composition which comprises a confound of Claim 1 and a . 
pharmaceutically acceptable earner. 

14. A method for treating diabetes in a TnaTnmal in need thereof which comprises the 
S adioinistration to the mamTnal of a therapeutically effective amount of a compound of Claim 1. 

15. A method for treating non-insulin dependent (Type 2) diabetes in a mammal in 
need thereof which comprises the administration to the mammal of a therapeutically effective amount of 
a compound of Claim 1. 

10 

16. A method for treating hyperglycemia in a mammal in need thereof which 
comprises the admmistration to the mammal of a therapeutically effective amount of a compound of 
Claim 1. 

15 17. A method for treating obesity in a mammal in need thereof which comprises the 

administration to the mammal of a therapeutically effective amount of a compound of Claim 1. 

18. A method for treating one or more lipid disorders selected from the group of 
dyslipidemia, hyperlipidemia, hypertriglyceridemia, hypercholesterolemia, low HDL and high LDL in a 

20 mammal in need thereof which comprises the administration to the mammal of aiherapeutically effective 
amount of a compound of Qaim 1. 

19. A method for treating in a mamnoal in need thereof one or more conditions 
selected from the group consisting of (1) hyperglycemia, (2) low glucose tolerance, (3) insulin resistance, 

25. (4) obesity, (5) lipid disorders. (6) dyslipidemia, (7) hyperlipidemia, (8) hypertriglyceridemia, (9) 

hypercholesterolemia, (10) low HDL levels, (11) high LDL levels, (12) atherosclerosis and its sequelae, 
(13) vascular restenosis, (14) irritable bowel syndrome, (15) inflammatory bowel disease, including 
Crohn's disease and ulcerative colitis, (16) other inflammatory conditions, (17) pancreatitis, (18) 
abdominal obesity, (19) neurodegenerative disease, (20) retinopathy, (21) nephropathy, (22) neuropathy, 

30 (23) Syndrome X, (24) ovarian hyperandrogenism (polycystic ovarian syndrome), and other disorders 
where insulin resistance is a component, wherein the method comprises the administration to the 
mammal a therapeutically effective amount of a coiqpound of Claim 1. 

20. The pharmaceutical conLq)osition of Qaim 13~further comprising one or more 
35 additional active ingredients selected from the group consistmg of: 
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(a) a second dipeptidyl peptidase IV inhibitor; 

(b) an insulin sensitizer selected from the group consisting of a' PPARy agonist, a 
PPARo/y dual agonist, a PPARa agonist, a biguanide, and a protein tyrosine phosphatase-lB inhibitor, 

S (c) an insulin or insulin mimetic; 

(d) a sulfonylurea or other insulin secretagogue; 

(e) an a-glucosidase inhibitor, 

(f) a glucagon receptor antagonist; 

(g) GLP-1, a GLP-1 mimetic, or a GLP-1 receptor agonist; 
;0 (h) GIF, a GIF mimetic, or a GIP receptor agonist; 

(i) PACAP, a PACAP mimetic, or a PACAP receptor agonist; 
. (j) a cholesterol lowering agent such as (i) HMG-CoA reductase inhibitor, (ii) 
sequestiant, (iii) nicotinyl alcohol, nicotinic acid or a salt thereof,.(iv) PPARa agonist, (v) PPARo/y dual 
agonist, (vi) inhibitor of cholesterol absorption, (vii) acyl CoAxholesterol acyltransferase inhibitor, and 
15 (viii) anti-oxidant; 

(k) a PPAR5 agonist; 
(1) an antiobesity compound; 
(m) an ileal bile acid transporter inhibitor; 
(n) an anti-inflammatory agent; and 
20 (o) an antihypertensive agent. 



21. The pharmaceutical composition of C3aim 20 wherein the FPARo/y doal agonist 



isKRP-297. 



25 22. A method of treating diabetes in a.mammal m-need tiiereof comprising 

administering to the mammal a therapeutically effective amount of a compound of Qaim 1 in 
combination witii tiie PPARo/y dual agonist KRP-297. 

23. A method of controlling or treating diabetes in a mammal in need thereof 
30 comprising administering to the mammal a therapeutically effective amount of a compound of Claim 1 in 
combination with an insulin sensitizer or an insulin secretagogue. 
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